INTRODUCTION
Vitamin C (ascorbic acid) is an essential nutrient in aqua-feeds, and is an indispensable nutrient required to maintain physiological processes such as normal growth, immunity and reproduction of different animals including fishes (Tolbert, 1979) . Ascorbic acid is watersoluble and is essential for several metabolic functions including the antioxidant system. Most fish, including tilapia, are not capable of vitamin C biosynthesis (Chatterjee, 1973) due to the absence of the enzyme Lgulonolactone oxidase, which is responsible for synthesis of ascorbic acid (Wilson, 1973) . L-ascorbic acid is extremely labile and the rate of degradation is a function of storage time, with the effect of temperature, oxygen, pH and light. Recent studies indicate that ascorbic acid derivatives that include sulfate and phosphates are more resistant to oxidation and retain ascorbic acid activity for fish (Abdelghany, 1996) .
Ascorbic acid requirements of some tilapia species have been investigated. Stickney et al. (1984) , reported the fortification of 50 mg of ascorbic acid equivalent kg -1 diet as the level that allows for maximum weight gain and absence of deficiency signs in blue tilapia (Oreochromis aureus). A diet of 79mg ascorbic diet. Juvenile fish of 3.7g ± 0.02g initial body weight were used for the study. After 84 days of the experiment, the fish fed AAsupplemented diets had significantly (P<0.05) higher specific growth rate protein conversion efficiency and protein efficiency ratio; and significantly (P<0.05) better feed conversion ratios than non supplemented fish. Fish fed non supplemented diet recorded a 33 % rate of mortality, where as those fed with a diet supplemented with 60 mg ascorbic acid kg -1 had mortality as low as 4.4 %. Hematological indices showed a significant increase (P<0.05) with dietary AA level. Diet containing 60 mg kg -1 of AA showed the maximum growth performance, while the broken line model gave 51 mg ascorbic acid kg -1 diet as the optimal level required by juvenile O. karongae. Our data show that ascorbic acid is essential for O. karongae growth performance.
Keywords: Clinical deficiency, Mortality, Conversion efficiency, Supplementation, Nutritional quality. acid kg -1 diet was found to be the requirement level for maximum weight gain of hybrid tilapia (Oreochromis niloticus x Oreochromis aureus) (Shiau & Jan, 1992) .
The ascorbic acid requirement varies among fish species, but intraspecies differences such as fish strain, size and age also affect the dietary requirement. The amount of ascorbic acid that must be added to the diet for normal function is also dependent on the form of the vitamin that is added to the diet (Lim & Webster, 2001 ).
In Malawi, nutritional studies are still in their infancy (Kang'ombe, 2004) . This is the first attempt to determine the dietary ascorbic acid requirement of O. karongae. Oreochromis karongae, was recently isolated from the wild for aquaculture in Malawi and is farmed by both small holder and commercial farmers (Msiska & Costa-Pierce, 1999) . Although there is general information on Vitamin C requirement for tilapia, specific data on the effects of vitamin C on growth, survival and hematology of O. karongae are scarce. The present study therefore, attempted to determine the quantitative dietary requirement of ascorbic acid and its effect on growth, survival and hematology of O. karongae by using L-Ascorbyl-2-polyphosphate which is a more stable form of ascorbic acid.
MATERIALS AND METHODS

Experimental set up
An indoor research trial was conducted in the wet laboratory of Bunda College of Agriculture, University of Malawi, over a period of 84 days (July to September 2006). Juvenile O. karongae (3.7g ± 0.02g) were collected from National Aquaculture Centre, Domasi. To eliminate possible external parasites, fish were treated in sodium chloride bath of 2 mg L -1 every two days during two weeks of acclimatization. During acclimatization the fish were offered a maintenance diet containing 25% protein, twice a day. The experimental tanks were filled to the brim with well water. Continuous aeration was provided with the use of pressure pumps that maintained oxygen levels above 5.0 mg L -1 (Lawson, 1994) .
Experimental design
Fifteen (15) (Table 1) were then assigned in triplicate to the experimental unit in a completely randomized design. The fish were hand fed to satiation twice daily at 6 % of live body weight in pellet form.
Sample Collection
Growth of fish was monitored fortnightly with fish body weight (g) and length (cm) measured individually to make adjustment to feeding. Feed intake was taken into account for later calculations of feed conversion ration, protein conversion efficiency and protein efficiency ratio. Prior to sampling, fish were kept without feeding for 24 hours. Precaution was taken to minimize stress during the weighing by anaesthetizing the fish with FA 100 (Yanabe Yakuhin Co. Palo Alto, USA)(1.2g L -1 ). Every fortnight fish were euthanized for blood, liver and muscle analysis. The growth performance equations used are as indicated in the footnote of Table 2 .
Analytical Methods
After measuring fish for growth, five fish per tank were then killed for liver and muscle ascorbate analysis using Indophenols Method (Seki 1990 ) and for hematological indices (differential, hematocrit and plasma protein) every fortnight. A hematocrit centrifugal machine at 12,000 rpm for 4 minutes and hematocrit reader were used to determine the packed cell volume of fish blood while the hand refractometer (Bellingham+Stanley, UK) was used for plasma protein reading. Hemacytometer (Thoma's counting chamber) was used for total blood cell count which was delayed until week 12 to allow for enough blood to build up since the fish used in the experiment were small. Observations for clinical signs on fish continued throughout the experimental period. Water in tanks was changed 50% every two days and complete clean up of tanks was done every fortnight. Water quality was monitored using Horiba water checker (Horiba Ltd, Kyoto, Japan).
Water quality monitoring
Water quality parameters remained in acceptable ranges during the twelve week experimental period and showed no significant differences (P>0.05) across treatment diets. Temperature ranged between 21. 
Statistical Analyses
All data were analysed using SPSS 12.0 software for Microsoft Windows (SPSS Inc., 2003) . A One-way Analysis of variance was implemented and differences among the means were separated according to Duncan's multiple range tests at 5% (á) level. The Broken-line model analysis (Chou et al., 2001; Robbins et al. 2006 ) was used to estimate the optimum dietary ascorbic acid level requirement for juvenile O. karongae.
RESULTS
Effect of vitamin C on growth
Fish fed diets without ascorbic acid had significantly lower (P<0.05) weight gains than fish fed with ascorbic acid supplemented diets. Fish without ascorbic acid supplementation stopped growing at week 8 and began to lose weight. Fish fed ascorbic acidsupplemented diets did not stop growing during the 12-week feeding period and reached a significantly higher produced highest weight gains (Table 2) .
After 12 weeks, the specific growth rate, feed conversion ratio, protein conversion ratio and protein efficiency ratio were significantly lower (P<0.05) in fish without ascorbic acid supplementation than those fed ascorbic acid supplemented diets ( Table 2) .
Effect of vitamin C on hematology, ascorbate levels in liver and muscle
Hematological values increased significantly (P<0.05) with dietary ascorbic acid level. Diet without ascorbic acid supplementation showed the lowest values while diet 60mg ascorbic acid kg -1 indicated the highest hematological activity (Table 3 ). The packed cell volume also referred to as hematocrit, protein plasma, white blood cells, and red blood cell counts all showed significant (P<0.05) results with increase in values of ascorbic acid. The ascorbate levels in both liver and muscle increased in all treatments except in the 0 mg kg -1 treatment (Table 4) .
Effect of vitamin C on disease condition
After week 12, fish without a supplemented diet showed clinical signs, such as hemorrhage in the eye and fin and also had eroded fins and appeared darker while fish with supplemented diet were all in good health condition.
Effect of vitamin C on condition factor and survival of fish
Condition factor indicates the stoutness of fish, and a well nourished fish has a condition factor of not less than 1. The initial condition factor varied between 1.55 and 1.56 while the final condition factors ranged from 1.46 to 1.72 (Table 5 ). Significant differences (P<0.05) were recorded in survival of juvenile O. karongae across diets with non-supplemented fed fish recording least figures. Survival significantly increased from 66.67 to 95.56 %, with ascorbic acid level. When supplementation of ascorbic acid was equal to or more than 60 mg kg -1 , the survival (93.34-95.56%) was significantly (P< 0.05) higher to that of the control group (66.67%), and no significant differences in survival were observed among fish fed diets with 60 and 80 mg kg -1 of ascorbic acid (Table 5 ).
Vitamin C requirement for juvenile O. karongae
Vitamin C requirement for juvenile O. karongae was estimated by fitting a broken line model to the weight data and was found to be 51 mg ascorbic acid kg 
DISCUSSION
The results of this study strongly indicate that vitamin C significantly affects the growth, survival and hematology of juvenile O. karongae. Growth is a function of both the nutritional quality and the rate of consumption, among other things (Stickney, 2000) . In this research trial, a diet containing 51mg of ascorbic acid kg -1 diet was found to be the optimal dietary requirement for juvenile O. karongae while 60mg ascorbic acid kg -1 diet was found to be the requirement level for maximum growth and performance of O. karongae. The ascorbic acid requirement value by O. karongae attained in this experiment was higher than those reported for Oreochromis aureus between 10 and 25 mg ascorbic acid who also examined juvenile hybrid tilapia, Oreochromis niloticus x O. aureus (Shiau & Hsu, 1999) .
However, the requirement based on growth performance in this study was lower than that for Oreochromis spilurus (100-200 mg ascorbic acid kg -1 diet) (Al-Amoudi et al., 1992) . The difference is probably related to fish species, size, the form of vitamin C and experimental conditions in different studies (Lovell, 1989) . The 60 mg ascorbic acid kg -1 diet found as requirement level for maximum growth agrees with Li & Lovell (1985) who demonstrated that fish raised from 3 to 19g required 60 mg ascorbic acid kg -1 diet for maximum weight gain. Weight gain increase with dietary level is considered by many nutritionists to be the most important and meaningful response in nutritional requirement studies (Stickney, 2000) .
The diet without ascorbic acid supplementation decreased the specific growth rate (0.32 % day -1 ) of juvenile O. karongae and this is in accordance with studies conducted by Ai et al. (2004) who also observed declining specific growth rate with ascorbic acid deficient diet for seabass (Scophthalmus maximus). Stickney (1994) reported that feed conversion factor values can actually be less than 1 in water systems where there is natural food. Goddard (1996) observed that poor or fluctuating feed conversion ratios may reflect problems with diets or feeding methods. In the present study, fish fed with non supplemented diet had poor food conversion ratio (4.2) while fish fed with the supplemented diet recorded 2.0-2.42 as feed conversion ratios.
Feed utilization in this study was also affected by the dietary level of ascorbic acid. Total amount of feed consumed increased with ascorbic acid level. Both protein conversion efficiency and protein efficiency ratio were much lower in fish fed with diet without ascorbic acid. This indicate lower protein utilization by the fish. Fracalossi et al. (1998) ), which could have resulted in the fish consuming high levels of oxygen as consumption increases with protein in tilapia (Ross, 2000) . In this study, a number of other healthy related conditions were uncovered due to ascorbic acid deficiency. For instance, hematology of the fish was significantly affected by ascorbic acid. Fish without ascorbic acid supplementation showed lower values for hematocrit (15%), total white blood cell ( ). These negative trends compromised the healthy status of the fish that showed clinical signs such as fin erosion and broken back disease. Shiau & Jan (1992) found similar results in hybrid tilapia without dietary ascorbic acid that showed lower hematocrit than fish receiving ascorbic acid supplementation. Shiau & Jan (1992) reported that anemia is common in animals with ascorbic acid deficiency because there is reduction in the absorption and redistribution of iron and consequently a reduction in the synthesis of hemoglobin. Fracalossi et al. (1998) also reported signs of scurvy on Oscars (Astronotus ocellatus) such as reduced growth, impaired collagen formation and lordosis due to non supplementation of ascorbic acid. In this study, juvenile O. karongae not supplemented with ascorbic acid showed elevated levels of neutrophils. According to Roberts (1989) , excess release of neutrophils into the blood of mammals and fish is a response to stress. Absence of ascorbic acid therefore may have induced a physiological stress on juvenile O. karongae. There is a relationship between tissue ascorbate and the fish health (Halver, 1985) . In the present study fish with non supplemented diets showed declining ascorbate levels in both the liver and the muscle. On the other hand , fish with supplemented diet showed increased levels of ascorbate. Ai et al. (2004) got similar results on Japanese seabass (Lateolabrax japonicus) and according to Lim & Lovell (1978) , requirement for tissue saturation is much higher than that for normal fish growth that could prevent deficiency signs. Therefore increased tissue ascorbate in O. karongae fed with supplemented diet of ascorbic acid had a positive effect on the health of the fish (Halver, 1985) . A relatively low rate of survival (60%) was observed in juvenile O. karongae fed with a non-supplemented diet of ascorbic acid. The significantly lower survival in fish fed with nonsupplemented diet can only be attributed to the physiological stress caused by dietary ascorbic acid deficiency and not due to water quality since all low water quality parameters were within the ranges known to be required by tilapia. The level of dissolved oxygen was above 5 mg L -1 in all treatments, which is ideal for warm water fishes (Buttner et al., 1993) . The oxygen level was above 2.5 and 1 mg L -1
where O. niloticus showed signs of stress (decrease in activity accompanied by body coloration and erection of dorsal fin) in similar systems (Ross, 2000) . The water pH of 7.5 across the treatments was within the limits for the growth of several species of tilapias (Boyd & Tucker, 1998; Ross, 2000) .
In conclusion, supplementation of 60mg ascorbic acid kg -1 in the diet significantly yielded the maximum fish performance in terms of weight gain and overall health condition in this nutrient dose-response experiment. We also conclude that 51 mg ascorbic acid kg -1 in the diet is the optimal dietary requirement for O. karongae and must be fortified to pelleted diets in order to maximize ascorbic acid bioavailability to juvenile O. karongae.
